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2,5. Z

SECTION Z

SUBSECTION Z. 5

REACTION CONTROL SYSTEM (RCS)

INTRODUCTION.

The Rpollo command service module consists of two separate

reaction control, systems, completely independent, designated S/M RCS

and C/I\_ _CS. The S/M RCS is utilized to control S/C rotation in all

three a>:cs, in addition to any n_inor _ranslaiion requirements including

S-IVB separation, S._PS ullage, and C/_v_-S/}_i separation maneuvers. The

C/}_4 RCS is utilized to control C/5_ rotation in all three axes after

C/M-S/Ivl separation and during entry maneuvers. The C/NI RCS does mo_

have translation capabilities.

Both the S/M and C/M RCS are contro]ied either automatically or

manually from the command module. Physical location of the IICS engines

is shown in figure 2. 5-i, Engine firing sequence fer specific rr:aneuvers

and individual engine circuit breal<cr power control are shown in figure

2.5-2.

S/M ]3.CS FUNCTiCbNA], D]ESCRTPT](7)N,

The S/M RCS consists of four individual, functionally identical

packages, located 90 degrees apart &round the forward portion (+X-axis)

of the S/IvI periphery and offse_ froi-n the S/C Y- and Z-axes by 7 degrees

15 minutes, Each package co_)f_g_ration, called a quad, is such that the

reaction engines are mounted on the outer surface of the pane] and the

remaining components are inside. Propellant distribution lines are routed

through the panel skin to facilitate propellant transfer to the reacti.on engine

combustion chambers. The engine combustion chambers are canted

approximately I0 degrees away from the panel structure to reduce the

effects of exhaust gas on the service module skin. The two roll engines on

each quad are offse_:-mounted to accommodate plumbing in the engine

mounting structure.

Each RCS package incorporates a pressure-fed, positive-expulsion,

pulse-modulated, bipropellant system i:o produce the reaction thrust

required to perform the various S/M RCS control functions. Acceptable

package operating temperature is maintained by internally rneunted,

thermostatically controlled electric heaters. The S/M RCS propeilants

consist of nitrogen tetroxide (NzO4), used as the oxidizer; mono.-

_nethylhydrazi.ne (MMI!) used as the fuel. .Pressurized he!_urn gas is the

propellant transferring agent.

q
:! I:_EACTION CONTROl_, SYSTEM

2. 5-.!
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2.5.3

The reaction engines may be pulse-fired, producing short-thrust

impulses or continuously fired, producing a. steady-state thrust level. The

short-pulse firing permits attitude-hold modes of operation and extremely

accurate attitude alignment maneuvers during navigational sightings.

GSM attitude control is norrnally maintained by utilizing the applicable

pi.tch, yaw, and roll engines on all four quads. However, in the event of a

malfunction, complete attitude control can be maintained with only two

adjacent quads operating. This two-quad capability does not include the

execution of translation and ullage ma.neuvers.

A functional f!ow diagram of one S/M RGS quad is shov, n in

figure2.5-3. The h.elimr_s£oragevesselsuppliespressure to two solenoid-

operated helium, isolation valves that a_.e normally open throughout the

mission. This allows heliun'J, pres,._:v._"e to the pressure regulators down-

stream of each helium iso]atiov va.].vc re_au('ul , the hieh--pressure helium

to a desired working pressure.

Regulated helium pressure is directed through a series parallel

combination of four independent check valves, The check valves permit

helium pressure to the fuel and oxidizer tarJ_:s and prevent reverse flov, of

propellant vapors or liquid. A pressure-relief valve is _nsta!Ied in the

pressure lines between the check valves and p.vopellani; tanks to protect the

prol;ellant tanks from any excessive pressure _ncrease.

t_Ieli-am entering the propeila_?2 tanks creates a i:ressure buildup

a.ro,a._nd the p._-ope!!ar,t po_.it,ve _._im_lsic_n biadderg forc:i_g the prc, peilants to

be expelled into the propellant distribution lines. V'ropellants then flow

through the normally open propellant isolation valves.

Oxidizer and fuel is distributed to the eight fuel and oxidizer injector

valves by a paraliel feed system. The fuel valve on each engine opens

Z _rq.lliseconds prior to the oxidizer valve to obtainproper engine operation.

Each valve asserr:bly contains orifices which meter the propellant flow to

obtain a nominal Z:l oxidizer/fuel ratio by weight, The oxidizer and fuel

impinge, atomize, and ignition due to the hypergolic propellants, The

injector valves are controlled automatically by the G&N system or the SCS,

Manual override direct control is provided for rotational maneuvers and

direct ullage only, The injector valves are sp_ing-loaded closed. This

• system configuration maintains propellants under constant pressure ag !:he

engine injector valves providing rapid consistent response rates to thrust

on-off commands.

S/M RGS MAJOR COMPONENT/SUBSYSTEM DESCRIPTION.

The S/M RGS i.s composed of four separate, individual packages;

each package contMning the foliowing five _a.jor s,_bsystems:

e, Pressurization

"Prop el]ant

o Rocket engine

]RG A C T ?(0 N G 0 N'2I<0 L S'gST ]'<M
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2.5.3,1.1

Propellant quantity gauging

e Temperature control system

Pressurization Subsystem.

The pressurization and propellant feed stores, regulates, and

distributes helium to the propellant £anl.s, and stores arid distributes

propellant to the engine assemblies (figure Z. 5-3). It consists of storage

tanks, isolation valves, pressure regulators, and the lines and valves

necessary for filling, draining and distributing the fluids.

IIetium Supply Tank.

The total h,.gh-pressure helium supply is contained within a single _f!....

spherical storage tank, Initial_ fill pressure is 4150-2.50 psig at 70°F. The i::}:::

limit working pressure is 5000 psig to accommodate pre, ssure transients _:::

during filling. Proof pressure is 6667 psig and the burs_ pressure is [_""

7500 psig.

Helium Isolation Valve.

_:!ii

•jlI

1

2.5.3.1.3

2.5.3.1.4

The helium isolation valves are a two-solenoid valves and are

mechanical]y latched open and spring-]oaded closed The helium isolation

valves are _ndividually controlled bytheir own he'lium switch on panel ]5.

The valves are normally open in respect to system pressure substantiating

the mechanical latching feature for power conservation purposes during the

mission- , in addit_o> to p_ ew_:_ing o-,,erh<-taling of the valve coils.

A position switch contained within each valve controls a position

indicator below each switch on panel 15. When the valve is open, the

position switch is open; and the indicator on panel 15 is grey (same color

as the panel) indicating the valve is in its normal posit:ion. Wh.en the valve

is closed, the position switch is closed; and the indicator on panel 15 is

diagonal lines indicating the valve is in its abnormal position. The valve

is closed in the event of a pressure regulator unit problem and during

ground servicing.

Pressure Regulator Assemblies.

I-Ielium pressure regulation is accomplished by _.:wo regulator

assemblies connected in parallel, with one assembly located downstream

of each heliurn isolation valve, leach assembly incorporates two (primar?

and secondary) separate regulators connected in series. The secondary

regulator 1-emains open as long as the primary regulator functions

properly. In the event of the primary regulator failing open, the secondary

regulator will maintain s]ight!y higher, but acceptable pressures,

Check Valve Assemblies.

1,,!i s s ion

Two check valve assemblies, one assembly located downstream of

each regula.to, _' assembl-Ez,,_errnlt helium flow in the downstrean_ direction

REACm!ON C()NTROE SYSTEM

Basic Date- 12 Nov 1966.CV.an_e Date .......... Page 2.6-7
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only. This prevents propellant and/or propellant vapor backfiow into the

pressurization system if seepage or failure occurs in the propellant tank

bladders.

Pressure Relies Valves.

The helium relief valve contains a burst diaphragm, filter, a bleed

device, and the relief valve. The burst diaphragm is instal!ed to provide

a more positive seal against helium tha_<_ that of the actual relief valve.

The burst diaphragm ruptures at a predetermined Jressure. The burst

diaphram is of the nonfragmentationtype, but i_ tbe event of any fragmen-

tation, the filter filters out any fragmentation and prevents any particles

from flowing onto the relief valve, seat. The relief valve will relieve at: a

pressure slightly higher than that of the burs': d[aphragm rupture pressure

and relieve the excessive pressure overboard, p_:otecting i-he. fuel and

oxidizer tank. The relief valve will reseat at a predetermined p._'essure.

A pressure bleed device is incorporated between the burst diaphragm

and relief valve. The bleed valve vents the cavity] between the burst dia-

phragm and relief valve in the event of a_y leakage from the diaphragm,

or vents the cavity upon completion of performing a checkout of the relief

valve from the test port on the relief valve. The bleed device _s normally

open and will close when the pressure increases up to a p:cedete_m, ned

pressure. The bleed device automatically opens when the pressure

decreases to the bleed valve opening pressffre.

Distribution Plumbing.

Brazed joint tubi_g is used to distribute regulated helium in each

RCS quad from the helium storage vessels to the propellant t_nks.

Pr opel !ant Subsystem.

This subsystem consists of one oxidizer ta._:ik, one fuel tank, one

oxidizer and fuel isolation, valve, and associated distribution plmnbing.

Oxidizer Tank.

The oxidizer supply is contained in a single titanium alloy hemi-

spherically domed cyclindrica! tank. The tank is cradle-mountedto the

RCS panel. The tank contains a diffuser tube assembly and a teflon blad-

der for positive expulsion of the oxidizer. The bladder is attached to the

diffuser tube at each end of the tank. The diffuser tube acts as the pro-

pellant outlet.

When the tank is pressurized, the heliu_n gas surrounds the entire

bladder, exerting a force which causes the bladder to collapse about the

propellant forcing the oxidizer into the diffuser tube assenqbly and out of

the tank outlet into the manifold, providing e)-.pulsion during zero g*s.

Tank has a working pressure of Z48 psig; proof pressure of 331 psig.

4
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2.5.3. Z.3

2,5.3,2.4

Z. 5.3, Z. 5

2.5.3.3

Fuel Tank.

The fuel supply is contalned in a slngle tank that is similar in

material, construction, and operation to d_at of the oxidizer tank,

Propellant Isolation Shutoff Valve.

The isolation valves in the fuel and oxidizer lines are both controlled

by a single switch on panel 15. The valves are two--solenoid valves and ar'e

magnetically latch Opened and spring-loaded closed. The valves are

normally open _n respec_ _.o fluid flow. This, again, es'_ab]ishes a power

e ons e rration.

Each valve contains ,_position swiich which is in parallel to one

position indicator below l-he switch on panel 15 that controls both valves.

When the position switch in each valve is open, tl_e indicator on panel 15

is grey (same color as the panel) indicating I,o.the crew that the valves are

in the norma, l position. When the position switch in each valve or one valve

is closed, the. indicator on pa_ei ]5 is diagonal lines indicating to the crew

that tl_e valve or valves are closed. The valves are Closed in the event of

a failure downstream of the valves, line rupture, runaway thruster, etc.

Distribution Plumbing.

Propellant distribution plu_nbing within each quad is functionally

identical. Each quad contains separa!:e similar oxidizer and f_._e!plumbing

networks. Fropel]._'.,n_swithin their zespective networ_s are directed from

the supply tanks, through manifolds for distribuJ_ion to the four engines in

the cluster.

Propellant, In-Line F_iters.

In-line filters are installed in the fuel and oxidizer rnanlfolds down-

stream of the propellant shutoff va!ves and prior to the engine man_fold

contained within the engine housing. The in-line filters are _nstalled to

prevent any particles from flowing into the engine injector valves and

engine injector.

Engine Assemblies.

T.he service module reaction control system engines are radiation-

cooled, pressure ..fed, bipropel]ant thrust generators which can be

operated in either the pulse modulated or the steady state mode. (These

modes are defined as a firing of less than one-second duration and one-

second duration or n_ore, respectively. )

Each engine consists of a fuel and oxidizer control valve which

controls the flow of propellants by responding to electrical commands

(automatic or manual) generate£ by the guidance and navigation subsystem

and/or stabl!lzation and control subsystem or by the crew; and an injector

{
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head assembly, which dh'ects the flow of each propellant from the propel-

lant control valves to the combustion chamber \vl)erethe propellants

atonnize and ignite (hypergolic) to produce thrust.

Propellant Solenoid Injector Control Valves (Fuel and Oxidizer),

The propellant solenoid injector valves utilize two coaxially wound

coils: one for automatic and one for direct n_anua! operation. The auto-

matic coil is used when the thrust command originates from the jet

selection logic, which is the electronic circuitry that selects the required

automatic coils to be energized for a given "_aaneuver. The manual coils

are used when the thrusf command originates at the rotatio'acontrol

(direct mode), direct ullage pushbutton, SPS abort, or the C/M S/M SEP

switch (figure Z.5-3).

Tb.e solenoi.d valves are spring-loaded closed and energized open,

The reaction d.me of the valves are illustrated in figures Z, 5-4 and Z, 5-5,

Figure Z,5-4 illustrates a thrusting duration of !5 seconds (steady

state), The electrical on signal is received within either the automatic
(normal) or manual (backup) coils of the engine injector valves, The

solenoid injector valves are energized open ai].owhlg fuel and oxidizer to

<" S]'EADY STATE _._

',: -T-r-F- 3T1 .... ,......Fi -F-7 H l.......q--r'T-'rq "7
! 1 2 3 4 5 6 7 8 9 10 tl 1.2 13 14.

O.k,.
.,. srAm
' """ ELECTRICALON

Figure 2., 5-4,

_._ "" TA_L OFF
ELECTRiCAl_
OFF

S/M RCS Steady-State Operation (Typical 15 Seconds)

REACTION CONTROL SYSTEM
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Figure 2. 5-5. S/M RCS Engine MinhT_Urn Total ]Tnpulse (Typical)

flow through the injector into the con_bustion chamber. The propellants,

being hypergo]ic, ignite, providing the start transient. The engine, as a

result of propellant ignition, produces chan_])er pressure, gas velocity,

and thrust. At i5 seconds after t]_e receipt of the thrust-on signal, the

automatic or manual coils are de-energized and the injector valves

spring-load closed, floweret, due to the closing time and residual

propellant flow downstream of the injector valves into the combustion

chamber, thrust output continues until the propellants have burned com-

pletely a].lowing the chan_ber pressure, gas velocity, and thrust to decay

to 0 pounds, establishing die cutoff transient.

Figure g. 5-5 illustrates the minL_un_ electrical signal that can be

provided to the automatic coils of the injector valves from the stabilization

control subsystem jet selection logic. The following describes the

sequence of operation and reasons why.

t

}
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a. A time of 18zk4 milliseconds (14 mH.1iseconds rninin_un_) will

elapse before the stabilization control subsystem (SCS) can electrically

provide a con_rnand-off signal to the automatic coils of the injector valves

on the engine.

b. When the automatic coils of the injector valves receive the electrical

on signal from the SCS, the injector valves are energized to the open

position.

c. The fuel injector automatic coil energizes to the fully open position

in 4. 5_1.5 milliseconds, and the oxidizer injector automatic coil energizes

to the fully open position in 6.0_1.5 milliseconds establishing an approxi-

n_ate Z millisecond fuel lead. This is accomplished by va='ying the resist-

ance of the automatic coils in the fuel and oxidizer injector valve.

d. The propellar_ts flow from the injector v_]ves as soon as they .both

start to ope!_ to the premix igniter. However, the fuel will lead the

oxidizer by two milliseconds.

e. The propellants start to flow, as soon as the injector valves start

to open, into the premix igniter and into the co_bustion cha.,:_ber which

creates sonde pressure, gas velocity aud thrust, and even though it is

very sn_all, the engine is operating in aspace environment.

f. The pressure, ga._ velocity, and thrust continues to increase

slightly until the valves reach the fully open position.

g. At approxima'_eiy IZ-i/Z milliseconds, the propellants ignite

(hypergolic), produci.ng a spike of thrust upwards into the area of 70 to

80 pounds. At 14 milliseconds minimum, the SCS rernoves the electrical

signal from the automatic coils of the injector valves.

h. The thrust of _he engine continues very erratically, While the

valves beco.m_.e _e-er;.erg_.zed an@ _pring-]_d c]_se_

i. A_ approximately 21 milliseconds (closing time of 7.5 milliseconds)

on the fuel valve and Z3 milliseconds (closing time of 8.0 ._.nilliseconds) on

the oxidizer valve, the injector valves are fully closed.

j. The residual propellants downstream of the injector valves continue

to flow into the combustion chamber, decreasing until complete thrust

decay of 0 pounds occurs at approximately 65 milliseconds.

k. In order to determine the total impulse for this tinge span of

operation (figure Z.5-5), everything under the entire thrust curve must

be integrated.

The automatic coils are electrically connected in parallel from _he

SCS. The manual coils in the fuel and oxidizer injector valves provide a

manual direct backup to the SCS mode of operation. The manual coils of

the injector valves are electrically connected in series. The reasons for

the series connection of the nnanua], coils are as fo].lows:

s. Prevent a pnisnnateh between the opening and closing of the valves

due to any heat soak-back, into the manual-coils, which would change the

resistance of the n]anual coils and result in a _nisn_atch if the co[is were

connected in parallel. The direct nnanual opening time for fuel is

13 milliseconds and-oxid_.zer-is Z3 _nil_iseconds. The closing time for

fuel a_d oxidizer is 55±Z5 l%illiseconds.
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b: The series connection from th.e fuel manual coil (positive to

negative) to the oxidizer manual coil (negative to positive), then to

ground, is to increase ttne arc s0ppression, reducing the arc at rotation

control in the direct RCS mode of operation. .,

Injector.

The injector contains a prernix igniter. The premix igniter chamber"

contains a fuel and an oxidizer passage that impinge upon each other (unlike

impingement) withh_ the premix ign_-ter chamber. The premix igniter

chamber, along with the Z-millisecond fuel lead, provides a smoother

start tra,_sienl primarily in the pulse mode of operation and especial.ly

in the area of minimum irnpul.se.

The main chazw.ber portion of the injector will allow eight fuel

streams to impinge upon eight oxidizer stremns (unl.Jke impingement) _or
_e

main chamber ignition. There are a, so eight rue! holes around the outer

periphery of the injector, which provides film cooling to the combustion

ch am be r.

Combustion Chamber°

The combustion chamber is constructed of unalloyed rnolybdermrn,

which is coated with a thin layer of molybdenum disJlic de to prevent

oxidation of lJ_e base metal. Coolin.g of the eharnoe" is by radiation and

filn; cooling,

Nozzle Extension, The nozzle extension is attached to the engine by

a Waspolloy nut. The n.ozz]e extension is machined from a cobalt base

alloy, The stiffener rings art machined.

IICS JElectrical Heaters.

Each of the RCS engine housings contain an electrical strip beater

(figure Z. 5-3). The electrical strip heaters provide prope!iant tempera-

ture control by conductance to the engine housing and engine injector

vah:es; thus the propellants. Each heater has two thermo switcbes that

maintain the temperature at a given range.

Pressure Versus Ten_perature hdeasuring Syste_a.

The he!iron tank supply temperature measurennent and heliu_'n tank

supply pressure measurement (figure Z. 5-3) for eech quad are utilized

by the crew and TLM to determine the quantity of propellants ren:aining

h_ the respective qusd.

The non_ogram (figure Z. 5-6) depicts hew to determine the propellant

quantity remaining in percentage. The helium supply pressure is deter--

mined in psia on panel 1Z by the crew, also the helh_m supply ten:perature

!77
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reads in psia. '].'hehelium supply tem_)erature readout of 0 psia is

equivalent to 0°F and 400 psia is equ_ivalent to 150°F.

As an example, if the crew readout on pane ! IZ for a given quad

reads 3400 psia i_elium supply pressure and Z65 psia heliuRa supply

temperature (-which is equivalent to 100°iF'), the quantity of propellants

remaining is approximately 60 percent or 120 pounds. The crew would

utilize the RCS indicator select switch on nanel IZ to select the quad

desired in order [o obtain the helium tank supply pressure and tempera-

ture, and determine the propellant quantity remaining in percent.

]Engine Thrusting Logic.

In the S/]\i RCS, t:]_ecommands, from the stabilization and control

system cannot be supplied to the SCS channel switches until the contacts

of tl_e RCS latching relay are closed. Closing of i:hese contacts for S/M

RCS control may be initiated by the following signals (fiFure Z. 5--3):

a. With the launch escape tower jettisoned and the translation control

rotated counterclockwise, an S/M abort or a normal S-IVB separatior-

is initiated an.c]the following ,sequence of events occurs.

i. Inform the G&N system of an abort initiation.

Z. Initiate applicable booster shutdown.

3. Inhibit the pitch and yaw auton_atic jets of the SCS.

4. Initiates an ullage maneuver signal to the required manual

coils of the S/M P,CS engines (as long as the t_anslation control is _n

counterclo'ckwise, ullage is terminated when the translation contro'l

is returned to the neu2ral detent).

5. Adapter separatior_ occurs at !.7 seconds after the abort was

ini;tiated.

6. F2nergizes the RCS latching relay Z-1/Z seconds af&:r the

abort was initiated a.Howing the SCS to provide electrical commands

to the automatic coils of the S/M RCS engines. J.n the event the logic

fails to energize the RCS latching relay, the RCS CMD switch on

panel 16 is placed to the ON position,, providing a manual backup to

the automatic function. In addition, if the ADAPTER SiEPARATION

pushbutton on panel 5 is pressed and held for approximately 1 to

Z seconds, the RCS latching relay is energized.

b. In a backup to the normal s-rvB separation sequence, the RCS CMD

switch is momentarily placed to the ON position, energizing the RCS

latching relay; the tran. slation control is positioned forward, providing a

translation through the SCS to the required automatic coils of the S/M RCS

engine for a +X translation; and the ADAPTJ£R SEPARATION pushbutton

on pane] 5 is held for Z seconds to initlat:e adapter separation. (ADARTFR

SEPARATION pushbutton pressed and held for approximately t to Z seconds

win also energize the RCS latching relay. )

In the event the translation controls are unable [o provide an ullage

n_aneuver, the DIRECT ULLAGE pushbutton on pane?, 7, when depressed

REACTION CONTROL SYST1EM
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and held, provides th.e direct ullage signal to the manual coils of the RCS

engines, to be energized to provide a +X translation. This provides a

manual direct backup to the two translation controls for the ullage

_-naneuver to be performed by the S/M RCS. The ullage maneuver is

terminated upon rele_.se of the DIRECT ULLAGE pushbutton.

In the event the SCS and/or jet selection logic is unable to provide

commands to the automatic coils of the S/Jvi RCS engines, placing the

DIRECT RGS switch on panel 8 to the ON position provides power to the

rotation controls onlyo When the rotation control is positioned fully to its

stops in any direction, the rotation control will energize the required

manual coils for the desired maneuver,

If the SCS and/or the jet seJect[on ]ogle is unable to provkie

comn_ands to the auten'_atic coils of tlle S/Ni Rbo_"_" engin:es, i_ is no_ed that

translation control of the spacecraft is disabled,

Z. 5.4 S/kd RGS PN.RFORMAN(]t!] AND ]DESIGN DA.T.A_

2,5.4.] Design ]Data°

c_,_t_ the S/A4 RCS components,The following list is the design ......of

HELIUM TANKS (4)

REGULATOR UNITS (8)

4150d:50 psJg at 70J:5°F ' during servicing;

after servicing sitting on launch pad

70d_]0°]7 ". Capacity 0.57 lb, b_-side

dia_neter 8.84 in,, wall thickness

0. 105 in., and intern.al volume 0. Z05 cu fro

Pri_ary - 181:k4 psig with a normal

].ockup of 183±5 psigo Fron_ lockup

pressure, not drop below 177 psig or

rise a.bove ]85 psig and stabilize to

181_2 psig within Z sec,

Secondary -Lockup of 187d_5 psig. From

10ckup pressure, not drop below 177 psi.g

or rise above 19'i psig and stabilize a_

185_:3 psig within Z sec.

PRESSURE TRANSDUCERS

(4) COk&MON M.ANIEOi_D

I]iumi_nate CAUTION and WARNIMG light

on panel 10 (S/M RCS A, B, G, or D),

Underpressurc 155 psla.

Overpressure Z15 psfa,

HELIUM RELIEF

A <'V I.,VEo (8)

Diaphragm ._'uptu_e at ZZ8_-8 psig.

}_iiter - I0 nMcron nominal, Z5 rnicron

ab so hlte.

REAC]']?ION CONTROL SYSTEM
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FUEL TANK (4)

OXIDIZER TANK (4)

INLINE FILTERS

ENGINES (16)

Relief valve relieves at Z36. 5±11.5 psig.

Relief valve reseats at not less than

2Z0 psig in the cavity and a helium% flow

of less than Z0 standard cublc centimeters

per hour across the bleed device arid rell_f

valve assembly combined, The bleed

devhze shall reopen when decreasing pres-

- ' s than Z0 sig.sure has reac,_ed no los p ,

Connbined prope!lant and u]lage volume of

69.0 lbs, initially at 60°F at 30m2 psig,

resulting in a tank pressure of no more

than ZI5 ,)sia when heated to 85°F. Out-

side dJ.ameter _axb'num 1Z.6Z in.,

]engd_ Z3.717 (+0.(_)60, -0.000} in. Wail

thickness 0.0.17 in. to 0.0ZZ i.n.

[[7:

i :

.l-Ielh_n-_ in!el: port i/4 in., fi]l and drain

port I/Z in.

Cmmbined propellant and ullage vo]urne of

137.0 lbs, initially at 65°]F at 30:kZ psig,

resulting in a tank pressure of no more

than ZI5 psia when heated to 85°F. Out-

side d[an**etor n-_a:._-hr_u_nIZ. 6Z i:_.,

. 0o0 0f)0'_in.length Z9 55 ('{0. " . -0.. .

WMi thickness 0.017 i'._.,to 0.0ZZ in.

5-micron norf_inal; 15-n,_!_cron abso]ute -

1000--sec service life, capable of

10,000 operational cycles.

Thrust i00 Ibs _:5 percent.

Expansion ratio 40:] at Rozzle exit.

Cooling Film and radiatior,

Injector type,

Premix igniter one on one unlike Lrn.pinge-

merit. _igl:t fuel annulus for fil:_ cooling

of premix igni.tcr, main chamber eight

on eight unlike impingement, eight fi0,elfor

film cooling of combustion chamber wall.

I RE/_CT!ON CONTROL SYST'E:M
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PACKAGE TEMPERATURE

TRANSDUCER (4)

HEATERS THERMO-SZU TCH

Nozzle extension L-605 material

Nozzle exit diameter 5.6 in.

Fuel lead.

Automatic coils - Connected in p:_.rallel.

Manual coils - Connected in. series.

Weight - 4.99 Ibs.

Length - !3.375 in.

I!lmninate CAUTION and WARNING light

on panel 10 (S/M RCS A, B, C, or D)

Under temperature'63°F.

Over temperature 175°F.

One in. Each Quad One in Each Quad

Close at 77 (+10, Close at 115°F

-7) °F

Open at 104±14°i _' Open at 134°F

36±3.6 watts per 36±3.6 watts per

heater heater

Performance Data.

Refer to Mission Modular Data Book, SID 66-1177.

Power Consumption Data S/M RCS and C/M RCS.
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Subsystenl

and Component

R eacl.ion control

Service module RCS

Engine heaters

RCS engine coils

?,,i i :: s ion

Control

RCS HEATER CB (4)

SCS JET SELECTION

LL, GI<, or DIRECT

No. of

Units

8

3Z

REACTION CONTROL SYSTEM

Basic Date Ig Nov 1966 Chan e Date

Watts per Unit

AC DC

*36.0

*AUTO :

3. 687

,:-"D IRE C T

1.06Z

Total Watts

AC DC

Z88.0

].18.0

34.0

Page Z. 5-18
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Subsystem

and Con_poneni:

He isolation valves

s

Propellant isolation

valves

Coml_and modul.e RCS

Isolation valves

RCS engine coils

Control

He VALVE CB (Z)

He sw (8)

PROP, ISOL. CB (Z)

PROP. ISOL. sw (4)

(Ref. S/M/RCS

ISOL. CB)

PROP. ISOL. sw (Z)

SCS JET SELECTION

I,OG!C OR DIRECT

No, of

Units

Z4

_,,Vatts )er Unit

DC

6.75O

6.125

IZ. 2.50

::_A U T 0 :

4. 208

<"DIRECT

g. 1S7

Total Watts

AC I DC

_ 54.0

49.0

49.0

10:3.0

5Z.5.

I

;:-'Intermittent operatin.g components.

Z.5.4.4 S/M RCS Electrical Power Distribution.

Z.5.5

See figure Z.5-7 for electrical power distribution.

S/M RCS OPERATIONAL LIMITATIONS AND RESTRICTIONS°

Operational llnfitations and restrictions on the testing of system

valves in a dry unservicdd propulsion system are as follows:

a. Helium isolation, valves _-nd propellan/ isolation valves n_inimtmz

energization time of 0. Z second and not to exceed 5 seconds.

b. Engine injector valve automatic coil energization not to exceed

Z minutes on time during any 15-rninute period with voltage not

exceeding 3Z vdc.

c. Engine injector valve direct coil energization on tinge not exceed

45 n-_inutes during any 60-nfinute period m_d voltage not exceed 16 vdc to

either coil separately or 3Z vdc £o two coils in series.

2.5.6 S/M RCS TELEMETRY MEASUREMENTS.

The subsequent list ks of a].lS/Ivi RCS telemeh-y data that is

monitored by flight controllers and ground support personr..el.

[!

[£
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S/M QUADS B&D

C/M SYSTEM A

S/M QUAOS A&C

C/M SYSTEM B

S/M RCS

QU&D

B

s/M RCS
QUAD

D

RCS
PROP ,(MDC ~._5)

ISOL

S/M RCS

SW!TCHES (_

HELIUM 1 A

HELIUM NO. 1 7

I SOL_'TION VALT_ I

HE LILIM 2C

S/M RCS

s/_aRcs
QU&D

C

NOTES: 1. Helium i_l_tlon voJv_ _re m_chanlcally latched opon ,sr_:l sprhlg-lce:L-,<d clc¢-_l.

2. Ihop_IIont _solotlon volv_ ar_ magneticolly I_ched open _nd _prlng-le_a_e_l clc_od.

3. Eoch h_ilum ilalation valvo ov_nt indicator is enorgiz_d when corre._ponding volvlt i$ in cl_,.¢+d pofltlon only.

4. Th_ pml,_liani ilolotlon _lve event ind;_tor is energlzed if eithl_r fu01 or oxidlz_r valve is in lhe cloled podtlon.

Figure 2. 5-7. S/M RCS Electrical Power Distribution Diagram

S#/_2A-715D
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Crvw Display

Panel I "

P,m,,i I Z

P:m_"] i g

Panel 12

PaneI i Z

Panel 12

Panel I 2

Panel 12

Panel i0 and :2

Panel I0 end [2

Panel I0 and iZ

Panel !0 and 12

]'lgurc

Z. 5-5

Z 5-3

2 5-3

2.5-3
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2._-3
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2.5-3
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Z.5-3
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Panel I0 and I2 2. 5-3
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lielium Tank Temperature ..B

Helium Tank Temperature C

Hehum Tank Temperature D

Helium Tank Supply Pressure A

![elium Tank Supply Pressure B

Helium Tank Supply Pressure C

Helium Tank Supply Pressure D

Regulated Helium Manifold

Pressure A

R egula _.ed He'., ium Y.anlfold
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Regulated Helium Manifold

Pressure C

Regulated Helium Manifold

Pressure D

Oxidizer Feed Line Pressure A

Fuel Feed Line Pressure A

Fuc] Feed Line Pressure B

Oxidizer Manifold Pressure D

Fuel _eed Line Pressure C

Fuel _'eed Line Pressure D

Femperature Package A* P

Engine 3

Te,nDerature Package B - Y
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Measure~ i

l_/er!". I

Nvm_be r { Range0 +150°FSP, 50[ 3T

SR5014T

SR5015T

SRS016T

SR50011 _

SR500ZP

SR5003P

SR5004P

SR5729P

0 +150°F

' i +150°F,_150_F
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-*,C +5K psia
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+0 +400 psia

Si:-na]

Cond ition e r

SZSARI64(SI�A1)
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SR5817P
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I
+0 _400 ps[a

+0 +300 psia
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SRS065T !+0 [.300°F
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I
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(2ocle _::

IOA89

10A�I
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!!A82

1I.A88

! 1A8 9

liA�l
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[
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i 10A6Z

l
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PCM
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!
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i

q
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q
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3,5-3

2.5-3

2.5-3

2.5-3

2.5-3

k4easuremcnts
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I_]e n t
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I +0 +300 ° F

+0 +300°P

+0 +500°F

Temperature Package C - P

Engine 4

Temperature Package D + Y
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Temperature Injector Head B + Y
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TemFerature Lnjector Head A

CCW R Eagine
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Tower Jettison A
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CD0!41_[
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2.5.7 C/M RCS FUNCTIONAL DESCRIPTION.

The command module reaction control subsystem provides the

impulse required for controlling spacecraft attitude during the terminal

phases of a mission.

The subsysterns are activated normally by the crew pls.cmg the C/M-

S/M SEPARATION switches to C/M-S/Ivl SEPARATION position or by

])lacing the C/M RCS PRESSURIZE switch to the ON position prior to

initiating C/iVi-S/M separation (C/M RCS PRESSURIZE switch m.ay also be"

utilized as a manual backo.p to the C/Li-S/M SEPARATION switches).

The subsystems are activated autornaticaliy in the event of an abort from

the pad up to launch escape tower jettison. Separation of the two modules

occurs prior to entry (normal mode) or during an abort from the pad up

to launch escape tower jettison.

The C/M-S/Iki consists of two identical and independent subsyste:q_s,

identified as subsystem A and subsystem B. ]Both subsyslems are operated

simultaneously. In the event a rr_a]function develops in one subsystems, the

remaining subsystem has the 6apabi!ity of providing the impulse required

to perform necessary pre-entry and entry maneuvers. The C/MI I{CS is

contained entirely within the C/M and each reaction engine nozzle is ported

through the C/M. skin. The propellants consist of nitrogen tetroxide

(NzO4) used as oxidizer and _qonon_ethylbydrazine (RiiViIi) used as fuel.

Pressurized helium gas is the propellant transferring agent,

The reaction jets nnay be pu].se-fired, producing short-thrust

in_pu!ses or contin_aously fired, produ, ch_g a _teady-state thrust level.

The short firing permits attitude re.odes of operat!on. C/iv! attitude

control is normally rnaiDtained by utilizing the applicable pitch, yaw,

and roll engines of suL'systems A and ]3. However, complete attitude con-.

trol can be maintained with on].y one subsystem.

A functional flow diagram, of C/M RCS subsystems A and 13 is shown

in figure Z. 5-8. The helium storage vessel of each subsysie_m supplies

pressure to two helium isolation squib valves that are norn_ally cIosed

throughout the mission until C/M-S/M separation or C/M RCS pressurize

is activated. The heliun-_ isolation squib valves in a subsystem are

initiated open, allowing pressure to the pressure regulators downstream

of each helium isolation squib valve, reducing the high-pressure heliun_

to a desired working pressure.

Regulated helium pressure is directed through a series--parallel

co_nbination of four independent check valves. The check valves pern_ifi

heliun_ pressure to the ft_el and oxidizer tanks, and prevent reverse flow

of prope]iant vapors or liquids. A pressure-relief is installed in the

pressure lines between the check valves and propellant tanks to protect:

the propellant tanks frorn any excessive pressure increase.

I<ttACTION CONTROL SYSTEM
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Helium entering the propellant tanks creates a pressure buildup

around the propellant positi_ve expulsion bladders, forcing the propellants

to be expelled into the propellant distribution lines. Propellants then flow

to valve isolation burst diaphrag:_ns, which rupture, and through the propel-

lant isolation valves. Each subsystem supplies fuel• and oxidizer to six

engines.

Oxidi_er and fuel is distributed to the IZ fuel and oxidizer injector

valves hy a parallel feed system. The fuel and oxidizer injector valves on

each engine contain orifices which meter the propellant flow to obtain a

nominal Z:I oxi.dizer/fuel ratio by weighG The oxidizer and fuel irnpln.ge,

atomize, and ignite due to the hypergolic propellants. The injector valves

are controlled automatically by the G&iN system or the SCS. Manual

override direct control is provided for rotational _T_aneu\'ers and direct

ullage only. The injector valves are spring-loaded closed.

Extremely cold ten_perature of the C/M exterior is anticipated prior

to entry opera_i.ons; therefore, C/M RCS engine preheating _nay be

necessary before initiating pressurization due to possib!e freezing of the

oxidizer (+II.8°F) upon contact with the engine injector valves. This is

accomplisb.ed by the crew n_onitoring the engh_e te___pcratures and ener-

gizing the injector valve solenoids until acceptable engine ten_peratures

are obtained. The C/M !IGS HTRS switch on panel 200 will apply power

to the injector valve solenoids for engine preheating.

Since the presence of hypergolic propellants can be hazardous upon

C/M impact, the _-emaining propellants are burned off _n6. the RCS purged

with heT!uno_, pri_r to C!M ]andi_g.

In the event of an abort from the pad up to T + 61 seconds after

liftoff, provlsi.ons have been incorporated to automatic:_i]y dun_p the

oxidizer supply overboard, followed by a he].iun_, purge of the oxidizer

tanks and dumping of the remaining'heliun_ supply. The fuel is retalned

on board due to insufficient time for dumping and the C/M impacts with

fuel tanks full, but depressurized.

C/}_i RCS MAJOR COMPONE_NTS/SUI3SYSTEM DESCR][PTION_

The C/M RGS is composed of two separate, norn-_a]ly independent

systen_s_ designated system A and system B. The systems are identical

to operation, each containir;.g the following four :majoT' subsystems:

Pressurization

Propellant

k_ocket engine

Temperature control system

M i,._ s ton Basic Date
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2.5.8.1

2.5.8.1.1

Z.B.8. I.Z

Z.5.8,1.3

Z. 5.8.1.4

Z. 5.8.1.5

Z.5.8.1.6

Pressurization Subs ystern.

This subsystem consists of.a helium supply tank, two dual-pressure

regulator assemblies, two check valve assemblies, two pressure-relief

valve assemblies, and associated distribution plun_bing.

Helium Supply Tank.

The total high--pressure heliun-_ is contained within a single spherical

storage tank. Initial fill pressure is 4150_:50 psig. The limit working

pressure is 5000 psig to acconqrnodate pressure transients during filling.

The proof pressure is 6667 psig and burst pressure is 7500 psig.

• dHelium Isolatior, (Sqmb-Operate .) Valve.

The two squib-operated heli.un_ isolation valves are installed in the

plumbing fro_.eachheliun]tankto confine the heliun_ to as small an area as

possible to reduce heliun_ leakage during the period the system is not in

use. Two squib valves are mlqployed in each systen_ i:o assure pressuriza

tion. The va]Mes are opened by closure of the CA4 PRESS switch on

panel 16, the C/M-.S/M SEP switches on pane]. 15, or upon the receipt

of an abort signal from the pad up to launch escape to\ver jettison.

Helium Pressure Regulator Assembly.

The pressure regulators used in the G/M RCS _;ubsystenns A and .G

are sirnilar in type, operation, and function to those used in the S/\,i fIGS.

The differences are that the regulators in the C/M ]<G,'5 are set at a higher

pressure than ihose of the S/M RCS.

Helium Check Valve Assembly.

The check valve assemblies used in C/M RCS subsystems A and

are sin_ilar in type, operation, and functi.on to those used in the S/_M ]{GS.

Helium Relief -Valve.

The helium relief valves used in the C/M RCS subsystems A and B

are similar in type, operation, and function to those used in the S/M ]iCS.

The differences are that the rupture pressure of the burst diaphragm in

the C/M RCS is higher than that of the S/M RCS, and the relief valve

relieves at a higher pressure in the C/M RCS than that of the S/M RCS.

Distributio n Plm_nbing.

Brazed joint tubing is used to distribute regulated heliun-_ in each

subsystem frorn the helium storage vessels to the propellant i;anks.

i::! :ii
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Prope].] ant Sub systern.

Each subsystem consists of one oxidizer tank, one fuel tank, one

oxidizer and fuel isolation valve, and associated distribution plun_bing.

Oxidizer Tank.

The oxidizer supply is contained in h single, titaniunn alloy,

hemispherical-domed, cylindrical tank to each system. Each tank ¢onta[n'-

a diffuser tube asse_nbly and a teflon bladder for positive expulslon of the

oxidizer similar to that of the S/M F(CS tank assen'_blies. The difference

is the C/Ni R(;S tank assemblies are s_.alJer iF_ size. The bladder is

attached to the diffuser tube at each end of th:e tan]<. The diffuser _llbe

acts .as the propellant outlet.

When the tank is pressurized, the helium gas surrounds tl_e entire

bladder, exerting a force which causes the bladder to collapse about the

propellant, thus forcing the oxidizer i,ato the diffuser rule assembly and

out of the tank outlet into the man.ifold. Working pressure is 360 psig;

proof pressure is 480 psig; and the burst pressure is 540 psig_

Fuel Tank. The fuel supply is contai.ncd in a single, titanium alloy,

hemispherical-domed, cylindrical tank for each system that i.s similar in

material, construction, and operation to that of the oxldiz,_;r tank.

Diaphragm Burst lsolation Valve.

: ..... 11 ,
The burst diaphraems, downstream froth: each tank are _._t._.._.ea to

confine the propellants i_ato as small an area as possible d_roughout the

mtssion. This is to prevent loss of propellants in the event of line rupture

downstream of the burst diaphragm or injector valve leakage.

When the helium isolation squib valves are initiated open, regulated

helium pressure pressurizes the propellant tanl<s, creating the positive

expulsion of propellants into the respec',ive manifolds to the burst

diaphragms, which rupture, all.owing the propellants to flow through the

propellant isolation valves, to the injector valves on each engine. The

diaphragm is of the nonfragmentation type; but, in the event of spy frag-

mentation, a filter is incorporated to prevent any fragments from enterh_g

the engine injector valves.

Propellant Isolation Shutoff Valves.

When th.e burst diaphragm isolation valves are ruptured, the

propellants flow to the propellant isolation valves.

The isolation valves in the fuel and oxidizer lines are both controlled

by a single switch on panel 15o The valves are two-solenoid valves and are

REACTION CONTROL SYSTEM
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magnetically latched open and spring-loaded closed. The valves are

normally open in respect to fluid flow. The C/M propellant switches A and '

B on panel 15 will. be placed to ON after T + 61 seconds and will remain in

that position until orbit insertio'_ to ensure that the propellant isolation

valves remain open when systems A and B are pressurized upon abo_l:

initiation. The switches will also be placed to ON prior to C/M-S/M

separation and remain in that position until completion of propellant

jettison to again ensure that the valves remain in the open position. The
switches are p!aced to center-neutral position after tower jettison until

prior to C/M-S/M separation, removing electrical power from the valves. !'

Each valve contaies a position switch which is in parallel to one

position indicator below the switch ol,. panel i5 that controls both valves.
When t]_e position switch in each valve is open, the indicator on panel 15

is grey (same color as the panel), indicating to the crew the valves are in
the normal, position. When the position switch in each valve or one valve is
closed, the indicator on pa._ae] 15 is diagonal lines, indicating to the crew

the valve cr valves are closed. The valves are closed in the event of a
failure downstream of the valves, line rupture, or runaway thruster, etc.

The valve will operate at 0 to 360 psig a.t both the inlet and outlet ports.

The proof pressure is 540 psig and the burst pressure is 7Z0 psig.
The solenoid is a Z8-vdc type with a pull-in voltage of not more daan 15 volts

dc, and the current not to exceed Z amperes at 30 vo]ts de. The valve

assembly response is 200 .milliseconds maximum for one-cycle operation

(open-to-closed or closed-to-open).

!i-7 ':

f •

Distribui_on I_iumbiag.

Brazed joint tubing is used to distribute pressurized helium gas to

the propellant positive expulsion tanks in system A and system t3. The

distribution lines contain 11 explosive-0perated (squib) valves which permi_

changing the helium distribution configuration to accomplish various

functions within the C/M RCS. Each squib valve is actuated by an explosive

charge detonated by an electrical hotwire igniter. After igr}ition of the

explosive device, the valve remains open permanently. Two squib valves

are utilized in each system to isolate the high-pressure helium gas supply

to the storage tanks until RCS pressurization is commanded. Two squib

valves are utilized to interconnect system A and system B regulated

heliu_n supply, which ensures pressu.rization of both systems during

dump-burn and helium purge operations. Two squib valves in each system

permit he]lure gas to bypass the propellant tanks, allowing heliu:-n purging

of thc propellant subsystem. One squib valve is installed in system 13

regulated helium line to permit helium depressurization in the event of a

].ow-a][icude abort (pad to T + 61 second abort).
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2.5.8.3 Engine Assembly.

The command n_odule reaction control subsysten_ engines are

ablation cooled, biprope]lant thrust generators which can be operated in

either the pulse-mode or the steady-state mode.

Each engine consists of a fuel and oxidizer control valve, which

controls the flow of propellants by responding to electrical commands

(automatic) generated by the guidance and navigation subsystem and/or

stabilization control subsystem or by the crew (manual!y) and an injector

head assemb!y which directs the flcw of each propellant from the propellant

control valves to the cornbustior: chamber arid the combustion chamber in

which the prope]iants are burncd to produce thrust. Estimated engine thrust

rise and decay is shown in figure 2.5-9.
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Figure ,,." 5-9. C/M RCS Engine Thrust Rise end Decay Time (Typical)
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2.5.8.3.3

2,5,8.3.4

Prope]lant So]enoid Injector Control Valves (Fuel and Oxidizer).

The injector va]ves utilize two coaxially wound coils: one for

automatic and one for direct rsanual control. The automatic coil is used

when the thrust command originates from the jet selection logic. ,The

manua] coils are used when the _hrust command originates at the rotation

control (direct mode).

The so]enoid valves are sprimg-loaded closed and energized open.

The reaction time of tl_e valves, pulse mode of operation, reason for

pulse mode, and thrust curve ge-erated by the engine is similar to the

S/M RCS engines.

The automatic coi]s in the fuel and oxidizer injector valves _:,re

.connected in parallel from the SCS. The manual coils in the fuel and

oxidizer injector valves provide a manual direct backup to the autpmatic

systen'_. The n-_anual coils are connected in parallel from the rotation

controls.

Engine injector valve opening time of 5±Z milliseconds and closing

of 6.-52 milliseconds for the automatic coils and opening time of 7 milli-

seconds and closing of 16 to 18 milliseconds for the direct maauai coils.

The actuation time shall not vary by more than -_50 or -.Z5 percent opera--

ring time between +40 to +ZOO°F.

!nj ecto r.

The injector, contains e. fuel a_d o'<ldizer paCsage that irnpi>ge

(unlike impingement) upon a splash plate within the con_bustion chan_ber.

Therefore, the injector pattern is referred to as an unlike i]npi.nge_._ent

splash-plate injector. There are 16 fuel and 16 oxidizer passages in

the injector face.

Thrust Chamber Assembly.

The thrust chamber assembly is fabricated in foul segments:

combustion chamber ablative sleeve, the throat insert, the ablative

rnaterial, and the asbestos and the fiberglass wrap. The engine is

ablative cooled.

th e

Nozzle Extension.

The C/M RCS engines are n_ounted within the structure of the C/M.

The nozzle extensions are required to transmit the gases from the engine

out through the structure of the C/M. The nozzle extensions are fabrica-

ted of ablative material.
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Z.5.8.3.5 Engine Solenoid Injector Valve Temperature Control System.

A temperature control system of the C/M RCS engine valves is

employed by energizing the manual direct coils on each engine.

Temperature transducers are mounted on the engine injector valve

oxidizer solenoids. A temperature-transducer is installed on the sub-

system, A counterclockwise roll oxidizer valve, negative yaw oxidizer

valve, negative pitch oxidizer valve and on subsystem B positive yam.'

oxidizer v_!ve, negative pitch oxidizer valve, and clockwise roll oxidizer

valve. These engine injector solenoid oxidizer valves were selected as

the coldest engines.

.Fhe temperatttre transducers have a range from -_50°F to +ZS0°F.

The temperature transducers; from the three subsystem A and B engine

oxidizer injeccor valves provide inputs the the TEST SELECT switch on

pane1 Z00, which is located i..u the lower equipment bay of the comr_ta.nd

module. With the FUNCTION St!'LI_fCT switch on panel ZOO placed to

position I3 and the TEST SEL, ECT rotary switch on panel Z00 placed to

positions l, Z, 3, 4, ]i', and 1Z, respectively, the specific engine oxidizer

valve temperature is monitored as a d-c voltage on the 0- to 5-vdc

voltmeter. Zero vdc is equivalent to .-50°F and 5 vdc is equivalent to

+250°Fo

A C/M RCS HEATEP, switch is located on panel ZOO. The C/M

RCS HEA'I'_R sw_tch is placed to the ON positio_ when any one of the

i,:ls_.z-b_to.e.:,t1_.c] ei@ilies aFe uczo,_ ,_ -_ , ,_y_ ......... ,.... ) .........

must be acco_nplished withh_ 26 minutes prior to C/M-S/M separation,

providing the C/M Fropellank jettison LOGIC switch is ON. The fuel and

oxidizer injector valve manual coils of all C/M RCS engines are energized

open (prior to pressurization of C/M RCS subsystems A. and ]3). A

13-minute heatup time maximum or 100°F, which is monitored on the d-c

voltmeter on panel 2,00 as Z. 50 vdc, assures engine injector w'dve

temperature is at +Z0°F minimum. If +].00°F, Z.50 vdc on the d-c volt-

meter is reached from the coldest instrumented engine before 13 minutes,

the C/M RCS HEATER switch is placed to OFF, which de-energizes the

engine injector valves and the injector valves spring--load closed. If a

time of 13 minutes is reached before +100°JF, Z. 50 vdc on the d-c volt--

meter, the C/M RCS t-tEATER switch is placed to OFF. This will prevent

the oxidizer from freezing at the engine injector valves upon pressurization

of subsystems A and ]3.

The C/M RCS I-_[EA'I'EP, switch must be placed to OFF prior to C/M

RCS pressurization/ The operation of the C/M RCS HEATER switch in

conjunction with the d-c w)ltmeter and/or heati_-g time ensurES all other

engine valves reach the acceptable temperature levels. %'he +100°F,

Z_ 50 vdc, or thirteen-minute time lin_it assures that the warmest engine

valve will be less than -',-200°F.

ii<i_
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2.5.8.3.6 Engine Thrust ON-OFF Logic.

All thrust commands for C/M attitude pass through the stabilization

and control subsystem and the jet selection logic. These comn_ands n_ay

originate at the following:

a. The rotation controls

' b. The stabilization and control subsystem

c. The guidance and navigation subsystem.

In the event tt?e SCS and[or jet selection logic is unable to provide !

commands to the automatic coils of the C/M RCS engines, placing the

DIRECT RCS switch on panel 8 to the ON position provides power to the

rotation control. When the rotation control is positioned fully to its stops

in any direction, the rotation control energizes the required manual coils

for the desired n_a.neuver.

When the CM SM.. SEP switches on panel. 1 5 are placed to CM Sh4

SEP position, the switches automatically energize relays in the RCS

transfer panels (C19A4) and in the RCS cor_tro! boxes (CI9A1)

(figure 2. 5-10) (providing the CM PROP JETT LOGIC switch on panel g is

ON) that transfers the SCS and direct manual inputs from the S/M RCS

engine th the C/M RCS engines automatically. (These same functio;,.s

occur on any LES ABORT.)

I<

The transfer motors in the RCS transfer panels (CI9A4) and in.the

RCS control boxes (C19AI) are _edundant to each other in that they ensure

the SCS and direct manual inputs are transferred from the S/M RCS

engines to the C/M RCS engines. The transfer motors in the RCS control

boxes (C19A]) are automatically activated by the CM SM SEP switches

(providing the CM PROP JETT LOGIq switch is ON); in addition, they

may also be activated by the manual backup of the RCS TRANSFER switch

on panel 16. The transfer motors in the RCS transfer panels (C19A4)

are activated automatically only by the CM SM SEP switches (providing

the CM PROP ,IETT LOGIC switch is ON).

_As an example, if the RCS transfer motor in C19A1 failed to transfer

automatically at CM SM SEP, Lhe RCS transfer Fnotor in C19A4 would still.

automatically transfer the SCS and direct manual inputs from the S/M

RCS engines to the C/M RCS engines (providing the CM PROP JE%'T

LOGIC switch is ON). In addition, the RCS TRANSt"ER switch on panel 16

provides a manual backup to the C19A1 RCS transfer motors only.

Anothe.r example, the C/M RCS subsystems could be checked out

prior to CM SM SEP by placing the RCS TRANSFE]_ switch on pane] t6 to

CM position, and only the RCS transfer m.otors (C!9A!) in the RCS control

boxes would transfer the SCS and direct manual inputs from the S/M RCS

engines to the C/M RCS engines. The transfer motors in the RCS transfer

panels (C19A4) would not transfer until C/M S/M SEP (providing the C/N/i

PROP JETT LOGIC switch is ON) and ti_en start the SM jettison

controllcrs.
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Z, 5.8.4 Propellant Jettison.

There are two sequences of propellant jettison. One sequence is

employed in the event of an abort while the vehicle is on the launch pad and

through the first 61 seconds of flight. The second sequence is employed

for all other conditions, whether it be a normal or an abort mode of

operation. The sequence of events before and during a nornlal re-entry

is as follows:

a. The crew will place the C/_ S/M SEPARATION switches to the

C/M S/M SEPARATION position on panel 15 or place the C/M RCS

PRFSS switch on panel ]6 to the ON position, prior to initiating C/k4 S/M

separation. The C/}_ RCS PRESS switch or the C/1\4 S/iv[ SEP switches

initiates the heliun_ isolation squib valves in C/i%_ RCS subsyste_-ns A and B,

thus pressurizing both subsysten]s (figures Z. 5.-8 and Z. 5-].0). The C/.N4

RCS PRESS switch provides a backup to the C/_i S/M SEP switches and

the I%CS LOGIC switch on panel 8 must be ON, urior to initiating

C/M-S/}_ separation to provide an au£orn_t[c IRCS transfer.

b. The C/IV[ cor;tinues to descend _.fter re-entry into the earth

atmosphere. At Z4,000 feet, barn]metric s\vitc!_ is activated which

unlatches the RCS latching relay, h_.hibiting any co_Yn_nands from the SCS

to the jet selection logic (figure Z. 5-3) (manual backup of RCS Ck4D switch

panel 16).

c. At ._-nain parachute line stretch, the RCS propellant jettison DU]VIP

switch on panel 8 is placed to the DUMP position as e normal manual

function by the crew, initiating the following functions, sin_-ultaneously.

The RCS LOGIC switch on panel 18 must be ON prlol to placing DUMP

switch to DUMP position.

1. Initiakes the two heliu_n interconnect squib valves

Z. Initiates the fuel interconnect squib valve

3. Initiates the oxidizer interconnect ,squib valve

4. The fuel and oxidizer injector valve manual coils are energized

on all of the C/M RCS engiDes, excluding the -t- pitch engines. The

+pitch engines are not energized due to their location, being adjacent

to the steam vent. The propellants are jettisoned by burning the

propellants remaining in 10 of the 1Z engin.es. The length of time to

burn the remaining propellants will vary, depending upon the amount

of propellants remaining h'_, the fuel and oxidizer tanks at Z4,000 feet.

If an entire propellant load remained, as an example, a nominat burn

time would be 88 seconds through 10 of the 1Z engines. In the worst

case of only 5 of the 1Z engines (manual coils energized), a nominal

burn time would be 1.55 seeonds_

d. Upon con_pletion of propellant burn, the C/M propellant jettison

PURGE switch on panel 8 is placed to the PURGE position as a normal

manual function by the crew. When the PURG92 switch is on, the switch

ip. itiates the four helium bypass squib valves, allowing the regulated

helium pressu_e to bypass around each fuel and oxidize:,: tank, thus

purging the manifolds through 10 of the 1Z engines. Purging requires

approximately 15 seconds or until helium depletion.

[
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e. In the event of the C/M propellant jettison LOGIC sw_itch and/or ,

DUMP switch failure, the rernalning proueliants may be burned by placing

the DIRECT RCS switch on panel 8 to ON and positioning the two rotation

controllers to CCW, CW, -.Y, +Y and -P (excluding +I°) position, ener-
c#

gizing the manual fuel and oxidizer injector valve solenoid coils o,:

i0 of the iZ C/M RCS engines burned. At the comp].eti.on Of propellant _'

burn, the C/M RCS HEL_.Ub DUMP switch on panel 26 would be placed

ON initiating the four bypass squN) valves, allowing the regulation helium

pressure to bypass around ea.ch fuel and oxidizer tank, and purging the ,

manifolds through i0 o.f the IZ engines providing the two rotation con- !

trollers are positioned to CCW, CW, --Y, +Y and --P (excluding +I_).

f. In the event the C/A,! propellant jettison LOGIC switch and DUMP

s_vitch on panel 8 hmction correctly and the PURGE switch fails, the C/bl

H}_Li[]M. DU_iP s-<_d[ch on p_nel Z6 would be place(] to ON', _hus initiating

{:l_efour helium bypass squib valves, a!icv¢ing the regulated heliu_m pres-

sure to bypass around eac]:, fuel and oxidizer tank_ and purgln_ i:he

rnanifolds through ].0 of the IZ engines.

g. Prior to _>_ater K_npact _be LOGIC switch on pane] 8 n_ay be placed

to the OFF position, \vhi.ch would de-energize the manual coi•Is of the

engine injector valves allowing the engine injector valves to spring-load

closed, preventing sea \rater fro}s<_ entering the _anifolds through the

engine. The DUMP switch [)laced £o the OFF position will accoH_plish

the sarape function.

The sequence of events invoivi.ng an abort from the pad up ;:o

6] seconds i._ as follows:

a. The OXIDIZER DI.KM1 _ sw, itch on p;.u_,el ].6 is placed in the AUTO

OX DUMP position, and the RCS LOGIC s_vitch o._ pane] 8 is placed {_n the

ON position, at some time in _he com)tdown prior '_o T:0.

b. The following events occur sh:_ul[aneousiy upon the receipt of the

abort si.gnal. The com. ma,,_d may be gener.%ted autoz_.atic.ally by the

sequence events controller subsyste_n oz" by_tdanual].y rotating the

translation control cou_-_.[erclockwise.

i. _Vh.en the abort signal is receive_4, the two squib-operated

helium isolation valves in each syste_n are initiated ope_3, pressurizing

subsystems A and B. Manual backup of the C/i_i PRESS switch,

panel 16.

Z_ The squib-operated heliun_ interconnect valve for the oxidizer

tanks is initiated open. If only one of the two squib helkun isola',ion

valves was initiated open, both systems are pressurized as _. result

of the hc]lum interconnect squib valve intercom_ect.

3. The solenoid-o[)erated fuel _nd oxidizer isolation shutoff

valves are closed to prevent fuel and oxidizer from flo_ving to the

thrust, chamber assemblies.

4. The squib-operated oxidizer interconnect valve is initiated

open_ If only one of the I.wo oxidizer overboard dv,a_p squib valves

was initiated open, tlte oxidizer manifolds of each system are common

as a result of the oxidizer interconnect squib valve.

o fS T_-MREACTION CONTROL o ......

IZ Nov 196_.(_hang e "_ _ ..........................
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5. The squib-operated oxidizer overboard dump valves route the

oxidizer to a blo\v-out plug in the aft heat shield of the C/M which

shears a pin due to the pressure buildup and blows the plug out,

dumping the oxidizer overboard. The entire oxidizer supply is dumped

in approximately 13 to !5 seconds.

6. The RCS latching relay will not energize in the event of an abort

from 0 to +61 seconds due to the position of the AUTO OK DUMP switch

(figures 2. 5-3 and Z. 5-10). Thus, no commands are allowedinto the

jet selection logic from the SCS.

7. The C/M-S/M RCS transfer inotor-driven switches are auto-

matically driven upon the receipt of the abor t siznal, allowing electrical

signals to be supplied to the C/}_I RCS engine injector valves. ]klanual

backup of RCS transfer switch, panel 16.

c. Eighteen seconds after the abort signal [s initiated, the follov_ing

events automatically occur si_nultaneously:

!. The helium interconnect squib valve between the fuel tanks is

initi __.ted open.

Z. The heliun] overboard dump squib valve is initiated open,

dumping the helium pressure overbo[{rd i_to the aft equipment

compartment, releasing the helium pressure frorn both fuel tanks.

3. The bypass squib valve to the subsysterns A and B oxidizer tank

is initiated open, purging both oxidizer systems out through the over-

board dump in the aft heatshield.

4. Fuel re_"nains onboard at impact with no pressure on the fuel

tanks.

The sequence of events of an abort, initiated after 61 seconds up to

launch escape tower jettison, are as follows:

a. At 61 seconds after lift.-off, the crew as a normal _anual function

will place the AUTO OX DUMP switch on panel 16 tothe AUTO RCS CMD

position.

b. The RCS LOGIC switch was placed to the ON position prior to T+0.

I. Initiate both helium isolation squib valves in C/M RCS,

subsystems A and B. Manual backup of C/M RCS PRESS switch on

panel 16; thus, pressurizing C/M RCS subsystems A and B.

Z. Drives the C/M S/M RCS transfer motors to the C/M RCS

position. Manual backup of RCS TRANSFER switch on panel 16 for

CI9A] RCS transfer motors only.

3. RCS latching relay energized one second after receipt ol the

abort signal.

d. At main parachute line stretch, as a normal manual function, the

RCS propellant and jettison ]DUMP switch on panel 8 is placed to the

DUMP position initiating functions the sa_,ne as a norn_al entry.

[

[

[

[
[<

[
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2.5.9

2.5.9.1

C/M RCS PERFORMANCE AND DESIGN DATA.

Design Data.

The following list contains

H,ELIUM TANKS (Z)

data of the CM/RCS components:

4150±50 psig at 70°±5°F during servicing,

setting on launch pad 70°_I0°F. Capacit):

0.57 Ibs, inside diameter 8.84 in., wall

thickness 0. !05 in. and internal volume

of 365:-_5 cubic in. at 4150±50 psig.

HELIUM ISOGA'_['ION SQUIB

VALVE FILTER

Remove 98 percent of all particles \vi-_ose

qtwo _mahes.t dimensions are greater than

40 microns.

Remove 100 percent of all pardcies whose

two snnallest dimensions are greater than

74. mtcroni_.

lit _
k

REGULATOR UNITS (4) Pri_nary - Initial of 291±6 psig and stabilize

within 2 seconds to Z9i:-k4 psig,. Locl<up

pressure rnini_nuna of Z84 psig and not

exceed 30Z psig.

Secondary - Lockup Z87 to 308 psi.g a,ud

stabilize at Z94. 5±7. 5 psig within

Z s ec oD.d_,

HELIUM RELIEF VALVES

(4)

Diaphragm rupture at 34.0--t8 psi.

Filter - 10 nMcrons nominal, Z5 microns

absolute

Relief valves relieves al: 346±!4 psig

Relief valve reseats at no less than

:)Z7 psig

F].ow capacity 0. 3 lb/min at 60'F and

346_14 psig

Bleed device closes when increasing

pressure has reached no more than

179 psig in the ca_,ity and a helium flew

of tess than ZO standard cubic cer_.timelc:rs

per hour across thc bleed and relief -'ah'e

assemblies combined. The bleed device

sLall reopen when decreasing pressure has

reached no less than 20 psig.

,_ REACTION CONT'i{OI, SYSTEM
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PRESSURE TRANSDUCERS

FUEL AND OXIDIZER

FUEL TANKS (Z)

OXIDIZER TANK (Z)

VALVE ISOLATION BDRS'i'

DIAPHRAGM (4)

ENGINE

l].lurninates caution and warning light on

panel I0 (C/M RCS A or .]3)

After heliunq isolation, underpressure

Z65 psia

Squib valve actuation, overpressure

325 psia

Combined propellant and ullage volume

of 45. Z ibs, initJ.a]ly at 65°F at 304-2 psig,

resulting in a tank pressure of no more

than Z05 psia when heated to 105°F.

Length 17.3Z9 (+0.040, -0.000) in.,

oatside diarneter rna_:imurn IZ. 6Z in. , wall -

thickness 0,OZZ in. to O.OZ7 in,

Coinbined propellant and ullage volume of

89. Z pounds initially at 65°F at 30+Z psig,

restilting in a tank pressure of no more

than Z05 psia ",vixen heated to 85°F.

Length 19. 907 (+0.040, -0.000) in.,

maxirnunl outside diameter 1Z.6Z in.,

wall thickness 0. 022 to 0. 027 in.

Rupture at 24im14 psig, within Z seconds

redcfLt:u &i; &iiyafte:c ruptu._e l?_.sbu.'e ;s ' " '

tem.perature between 40 ° to 105°F.

Filter 75 microns nominal, 100 micro;is

absolute.

Z00-second service life, 3000 operational

cycles

Nominal thrust, 93 pounds

Expansion ratio, 9 to ]

Cooling, ablation

Injector type, 16 on 16 splash plate

Combustion chamber refrasil ablative

sleeve and grapl-_ite base throat insert.

t_

[
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2.5. i0.1

Z. 5. ll

OXIDIZER DUMP BLOWOUT

PLUG

Perfornnance Data.

AutornatJ.c and manual coils -. connected

in parallel

Weight, 8.3 lbs

Leltgtn, Ii. 65 in., nxa_,::irnmn

Nozzle e}_:itdiameter, 2. 13 inches

.Nozzle extensions, ablative refrasil

Pin shears at 100 psig

Refer to iViission Iviodul.ar Data .uook, S]:D 66-]_77.

Power Consmmption Data..

Refer to paragraph Z. 5.4.3.

C/M RCS OPERATIONAL LIMITATIONS AND RESTP, ICTiOI'4S.

A propellant isolation va]ve switch must be placed to ON rno_en-

tarJ!y prior to lift-off and returned to neutral. At T+61 seconds after

lift-off _he switches must be placed to Olq untiI orbit insertion to ensure

thai; floe val-,,cs will re_nin epin if a:_ LEF 7 abort is _.nJtiatod; f]_en ai:

orbit insertlo_t:, the switches may be placed to neutral. The swi.tches

n%us[ be placed to ON prior £o C/iN4. RCS pressurization to ensure valves

remain open throughout entr3..

C/M RCS Electrical Power Distribution.

See figure 2.5-11 for elect.rical power distribution.

C/IVl RCS TELEMETRY MEASUREMENTS.

The following is a complete ].ist of the C/Ni RCS telemetry data that

is monitored by the flight controllers and ground support personnel.

.t£•

!
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Crew Display

Panel 1Z

P;mcl 1 "

Panel IZ

Panel 12

Panels 10 and IZ

Panels 10 and IZ

Panels 10 and 1Z

Panels 10 and 1z

Panel 97

; Panel 9"7

Panel 97

manel 97

Panel ;7

Panel 97

,,,."

t.'igur c I

I

Z.5-7

Z.5-7

2.5-7

2.5-7

2.5-7

2.5-7

2.5-7

2.5-7

Z.5-7

2.5-7

2.5-7

2.5-7

5-7

1.5-7

2.5-7

2.5-7

2.5-7

2.5-7

2._=-7

Z, ,_-7

2.3-7

Mcasurcn_ent

_h'lium I'ank Supply mressure A

Helium 'Yank Supply Pressure t3

Hehum Tank Supply TemperaZure A

I-leiiunl Tank Supply Temperature B

Fuel Tank A Pressure

Fuel Tank 13 Pressure

Oxidizer Tank A Pressure

Oxidizer Tank B Pressure

Fuel Line Pressure A

Fuel Line Pressure B

Oxidizer Line Pressure A

Oxidizer Line Pressure B

TeFnDerature Oxidizer Valve "

CC¥_ R Engine A

Tslmperature Oxidizer Valve -Y

Engine A

TerPperazure Oxidizer Valve --_

Engine A

Temperature Oxidizer Valve '-Y

En£ ine B

Temperature Oxidizer Valve -P

Eng ine B

Temperature O:,:idlzer "Valve CWR

Engine B

CCW Roll En£ine Chamber

Pressure A

CCW Ro]l Engine Chamber

P!'essilr_ t3

CCW Poil Engine Wa!]

T_'.'Tq_' r a t u.r c A

rn e_,l. ]

Nunqb e r Rc_uge

CR0001P I+0 +5K psia

CR00')ZP l-"-0 +5K psia

CR000_T i+0 +300 °F

CR00047 ;0 +300_F

CR0005P +0 +400 nsia

CR0006P -0 -t-400 psia

CR0011P _0 +400 psia

CR001ZP +0 <-400 psia

CR06Z3P +0 +400 psia

CR0624P +0 +400 ps[a

C2%0625P +0 +400 psia

CR0$Z6P +0 +400 psi&

CRZ_01T!-50 +250°F

[

C!<2LOET -50 +250°F

CRZZ05T -50 +ZS0_P

CRZI:03T -50 +250°F

CR2Z04T -50 +250°F

CRZZ06T -50 +250°F

i

CROqI4P • +0 +250 psia

CR0_ZOP "_0 +250 psi&

CRa, 361T _0 i100GOF"

Signal

Conditione r

CZ8AR31

CZSAR3Z

CZSAR33

CZ8AR34

CZSAR35

C28AR36

C28AR38

C28AR39

C28AR295

C 28 AR296

C28ARZ99

CZ8ARZ97

CZSARZ98

CZ8AR300

' _ .,'i

.r" I

J nnel Bit

--,' .-

t10A l,
IOA83 fI2

iCA5Z i H1

10A55 HI

lIAI07

1 i.%]14

I I A79

IIA81

F-l

F-Z

P-3

F--4

51A17

! I A78

5IAI8

I0 A35

10A38

10A34

P-13

F - 14

o5, A1,

Lw_ .....

H2

HZ

fl 2

H2

v

HI

HI

HI

HI

HI

HI

ill

PCM

FQ !FQ

FQ

PCM_

PCM l

PC M

PCM

PCM

PCM]

Fa ]

VQ

O p ": ::ting <: nge

4150:h50 psia and

dee rcase during

mission.

70_I0°F on launch

pad variable

during mission.

After pressuriza-

tion 287 to 308

psla until propel-

lant purge

I

Flight recorder.

Variable during

mission, prior to [

sep&ration turn i
heaters on if I

below +64°F, turn

off in 13 nuinutes

time or !O0°F. I
t,ahicheve r is

reached first. [

i
• i

!
Flight recorder. I
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Crew ;?is_lav Figure i Meaaur_,ment

Z. =,-7 i CCW RoI1 Eni,'ine Wall

Z.5-9

2.5-9

2.5-9

Z.5-9

Z.5-9

Z.5-9

2.5-9

Z.5-9

2.5-9

Z.5-9

2.5-9

2.5-9

Temperature B

C/M-S/M SEP Relay Close A

i (Z9 to Z7)

C 'M-S/M SEP Relay Close B

(Z9 to Z7}

LES Abort Initiate Signal A

(Z9 to Z7)

LEg Abort Initiate Signal B

(Z9 to Z7)

RCS Actuate Signal A (ZI9)

RCS Activate Signal B (Z!9)

C/M Pressurize Signal A (Z9 to Z7)

C/M Pressurize Signal B (Z9 _o Z7)

Barometric Switch Lock In Close

Relay A

Barometric Switch Relay Lock In

Close Relay B

Lift-Off Signal A

Lift-Off Signal B

*Analog measurements digitally coded into 8 bit words.

Analog measurements -0 (+0.15 -0) vdc to 5 (+0, -0.15) vd¢

FQ - Flight qualification measurements

HI - High bit rate

HZ - High and low bit rate

EZ - High and low bit rate

........l i 1 T Iment I Sienal I Channel t_t
[_.at c:: I

t

Ntu-_b c rq_, Range

CR458ZT +0 +I000°F

CD0023X OFF ON

event

CD0024X OFF ON

event
I

CDOOOZXIOFF ON

] event

!

e< tON

CD0171X]OFF ON

event

CD0173X

CD0174X

CE00OTX

CE0008X

BS006CX

BS0061X i___

OFF ON

event

OFF ON

event

CLOSE OPEN

eveut

CLOSEOPEN

event

Condlt:oner 1 Operating F, ang c
Code:;:

I

51AZ0 If!

IIEIZ-03 EZ

I!EIZ-04 EZ

IIEI2-01 EZ

IIEIZ-07 EZ

IIE13-06 EZ

IIE13-07 EZ

llEI3-08 E2

fIEf4-01 EZ

11E14-08 EZ

liE15-01 E2

IIE25-03 EZ

IIE25-04 I EZ

}.'Q
FCME

I

I PCME

PCME

PCME

PCME

PCME

PCME

PCME

PCME

PCME

PCME

PCME

I

i V a t'inbh'

Event

Event

Event

Event

Event

I Event

Event

Event

Event

Event

Event

Event

Channel Example: i0A81

Significant number - 1

How many _eros after ] t]
s[gnifieant nun_ber is _ 0 sample
arr',ount of samples per _ per

second j second

i

_q
>

>
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>
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2.6.!

SECTION Z

SUBSECTION Z. 6

ELECTRICAL I°OWEIZ SYSTEM EPS)

INT ROD UC TIO N.

The electrical power systenu (figure Z.6-I) supplies all electrical

power required By the sp_..cecraft to cornp!ete its scheduled nuission.

D-C electrical power is provided ])_ three fuel ceil power plants, two

S/M jettison control]er batteries located in the -_erviee nuodule, and

five batteri.es (Z pyro and 3 entry) located in the coznnuand module. A-C

electrical power i.s provided by one, or two, of the three inverters located

in the lower equipment ba.v of the co_nn_and modt_le. Controls and displays

for the EI-_S are positioned in the command n_odu.le near the a,;tronaut

respcmsib]e for contro]]ing and nzon[tori_ng tJ_e system. The EPS can be

divided into four subsystems as follows:

Energy storage: cryogenic storage; pyrotechnic, entry, and S/]'_

jettison controller batteries

Power generation: fuel cel! power plants

Power conversion: se!]d state inverters, battery charger

e Power distribution: d-c power dis_ri.budon, a-..c power distribution,

sensing circuits, COl__trols and displays.

FUNCTIONAL D_'SC R].PTION.

Energy Stowage.

The primary source of energy for the EPS is provided by the cryo-

genic storage syste_n. There are two hydrogen (fuel) and two o>_vgen

(oxidizer) cryogenic storage tanks. F]-{ch tank has i£s associated controls,

heaters, and fans designed to give, in an automatic mode, a si.ng!e-phase

reactant to its load throughout the tank-.density range, when operath_g at

norn_al pressures.

A secondary source of energy storage is provided by batteries.

The batteri.es supply sequencer logic and pyro power at all ti:,rlcs, sup-

piementz{] d-.c power fox high-peak loads, and _]I electrical power required

during the entry and post]anding phases after CSM. separation.

i?_,....

[i
[

Mission

E L If"(.:T R iC A ]b]PO W E _:(SY ST i_Ni
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Z.6. Z.Z

Z. 6. Z.3

Z. 6.2.4

Power Generation.

Three Bacon-type fuel. cell power plants in the service module gener-

ate the d~c power required for spacecraft systems. 'The fuel cell power

plants are activated prior to launch and operate continuously throughout

the _nission tuatil CSM separation.. Nornlally, fuel cell power plant 1 is

connected to n_ain d-c bt_s A, power plant 3 to main d-c bus B, and power

plant Z to both main d-c buses A and B. However, the capability is

provided to also connect fuel cell power plant 1 to main d-c bus B and fuel

cell power plant 3 to main d.-c bus A.

Each fuel cell is rated to produce Z9J-:Zvolts dc between 563 and

14Z0 watts of power. Two fuel cell power plants are c_pable of providing

the normal power requiremer_ts of all spacecraft systen_s, if two fuel cell

power plants malfmaction, some of the electrical components must be shut

do_,n to conserve power, and the re__aiuing power plant with battery

backup will supply sufficie_t power i:o carry •the load and insure successful

mission teras-,Jnation. One fuel cell with complete battery backup can pro-

vide m_ximtun_ power required by _ission burns, if the cryogenJcs are

available and fuel. cell temperature is above 4Z5°F.

Power Conver sior:.

Primary d-c power is converted into _-c power by solid-state

inverters. TJoe inverters provide I15-volt 400-cps 3-phase a-c power up

to 1Z50 volt-amperes each. The a-c power is connec{:ed to the two a-c

buses which s_.rpply power to a-c loads. Dtxri.ng nor,_al operation, one

invc:'ter v:'111 power both a.-c buses ,vh;_le the two remaining inverters e, ct

as redundant sources. For peal< loads, each a-c bus will be powered by a

separate inverter. In case of an a-c or d-c bus failure, the inverters and

remaining buses can be isolated. Inverter switching circuits prevent con-

necting two inverters on one bus, but simultaneous ope.ration of two

inverters is possible if each is connected to a separate bus. A phase

synchronizing trait provides in-phase power when a separate inverter is

powering each bus.

The battery charger is a secondary power conversion unit, which is

used to keep entry batteries charged. The charger is a solid-state device

converting a-c power frown the inverters and using d-c power from the fuel

cells to provide charging voltage.

Power Di sir ibution.

Distribution of prin%ary d-c power is acco_.plished by two redundant

d-c buses in the command module. Additional buses consist of two

separate nonessential buses for servicing nonessential loads, a battery

relay bus for power distribution switching, two battery buses, and a flight

and postlanSing bus to service certain communications a:.,_dthe postlanding

circuits. A-C power is distributed by two redm_dant a-c buses.

[

E]',ECTR1CAL POWER SYSTEM

Mission Basic: Date I Z Nov I96iChange Date ........ T°-age 2.6-2




